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ABSTRACT 
Channa punctatus, a freshwater teleostean fish species, 
was used to characterize antibodies in fish. Polyacrylamide 
gel electrophoresis (PAGE) of serum from fish and human were 
compared in non-denaturing and denaturing conditions. Total 
protein content was estimated and it was found that fish 
contains approximately three times more protein than 
human. Densitometric scanning of fish and human sera 
protein, separated under native and SDS condition, showed a 
broad immumodominant band in fish which is lacking in human. 
Molecular weight of different proteins present in normal 
fish and human sera were calculated and found that fish 
contains proteins having molecular weights ranging from 44 
Kda to 200 Kda whereas 26 Kda to 178 Kda proteins were found 
in humans. Ion-exchange chromatography was performed on 
DEAE-Sephacel column to isolate human IgG. A single peak was 
obtained and its homogeneity was confirmed by SDS-PAGE. The 
isolation of other classes of immunoglobulins in fish were 
tried but it was found that fish contain no other 
immunoglobutin except IgM. For the isolation of IgM, ion 
exchange and gel filtration chromatography were performed on 
DEAE-Sephacel column and Sepharose CL-2B column. Two peaks 
were obtained, IgM appeared in the first protein peak. 
Hexose estimation was also performed in fish serum by the 
method of Dubois. The carbohydrate content was found to be 
1.03 mg of hexoses per ml (103 mg of hexoses per 100 ml) of 
fish serum or 9.12% of neutral hexose. 
The presence of ant inuclear antibody in f ish serum was 
e v a l u a t e d by Ouchterlony double immuno d i f f u s i o n us ing 
rabb i t kidney ex t rac t . The react ion was carried out for four 
days in a moist chamber a t room tempera tu re . No 
p r e c i p i t a t i o n l ines were found indica t ing the absence of 
an t inuc lea r antibody. 
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INTRODUCTION 
The Immunoglobulins of Fish 
The mechanism for the synthesis of immunoglobulins is 
highly evolved in mammals and it is of interest to 
understand its evolutionary origin and phylogeny. 
Vertebrates generally have a basic capacity for 
immunoglobulin synthesis and its associated phenomena, and 
the total complex of these reactions has been defined by 
Good and Papermaster (1964) as adaptive immunity. This 
capacity is yet to be demonstrated in any of the 
invertebrates. Furthermore, it is well established that 
plants and microorganisms are incapable to synthesize and 
express their respective immunoglobulins, although the 
possibility of some proteins possessing the haemaglutinating 
properties in the above mentioned groups cannot be ruled 
out. This places the fish as a class occupying a very 
interesting position. They include a diversity of forms that 
can provide information on the details of the evolutionary 
progress of the immunoglobulin mechanism. 
The capacity of teleostei to respond to antigenic 
stimulation was demonstrated in early 1900's. By 1950's it 
was known that teleostei could produce specific bacterial 
agglutinins and develop protective immunity to a variety of 
antigens. These responses were found to be depressed or 
suppressed at lower temperature, as might be expected in 
cold-blooded animals, such as sable fish that normally l i ve 
below 10°C (Ridgway et al., 1966). 
Early invest igat ions of the plasma proteins of f i sh 
extend back at l e a s t as fa r as 1929. E l e c t r o p h o r e t i c 
techniques were introduced in 1945 using, human plasma as 
standard against which to demonstrate general s i m i l a r i t i e s 
in members of lower ver tebra tes including fish (Gushing and 
Campbell, 1957). By early 1960's, a stage was se t for a more 
sophis t ica ted look at the phylogeny of antibody syn thes i s . 
By 1964, fu r the r i n v e s t i g a t i o n s demonstrated (Good and 
Papermaster, 1964) that a comparison of a diverse sample of 
species of fish produced antibody l ike t M, in general 
a s p e c t s , and to suggest t h a t the on togene t i c and 
immunological s h i f t from the product ion of 19S l i k e 
ant ibodies to that of 7S l i ke antibodies observed in higher 
v e r t e b r a t e s , was in the process of va r ious s t a g e s of 
evolutionary expression among the f i shes . 
Progressive studies since 1964 have demonstrated tha t 
several species of f ish produce both 19S l ike and 7S l i ke 
immunoglobulin and may possess some c a p a c i t y for 
immunological memory (Sigeland and Clem, 1966; Marchalonis 
and Edelman 1965; Marchalonis and Edelman, 1966). 
Further information on f ish immunoglobulin v/as obtained 
by Trump (1968) who used the pass ive haemag lu t ina t ion 
t echn ique to study a n t i b o d i e s for bovine serum albumin 
produced by g o l d f i sh . However, the p o s s i b i l i t y of 
c lass i fy ing these as antibody i s s t i l l uncertain, but t h e i r 
occurrence is a positive indication of the need for 
additional comparative studies on fish antibodies. 
In general, higher mammals reflect closely the 
immunoglobulin variations of humans. As one progresses to 
the lower vertebrates, IgA and IgE are lost, then IgG is 
lost and finally IgM is preserved. All vertebrates 
synthesize secretory TgA. 
The Specificity of Fish Antibodies 
A fairly appreciable evidence exists to the fact that 
fish, in general, make phage neutralizing and agglutinating 
antibodies following antigenic stimulation. With regard to 
precipitating antibodies. Good and Papermaster (1964) 
considered the nature of the evolution of the specificity or 
avidity of the antibody combining site. Only the bowfin 
and a few other fish species had been demonstrated to be 
capable of precipitin expression, while failures had been 
reported in others (Sirotinin, 1959; Ridgway et al., 1966). 
The successful cases had not been pursued in depth, and one 
such instance (Sirotinin, 1959) even led to the conclusion 
that fish antibody against the serum of other species 
reacted indiscriminately with heterologous antigens. 
Everhart and Shefner (1966) made further investigation on 
the specificity of goldfish antibodies, using bovine serum 
albumin (BSA) as homologous antigen. The serum albumin of 
the human, sheep and horse were used as heterologous 
antigen, with rabbit anti-BSA as a comparative control. The 
standard quantitative precipitin test was used to determine 
equivalence points and cross r e a c t i v i t y . In addi t ion, gel 
d i f fus ion and immunoelectrophoretic comparisons were made. 
The r e s u l t s showed t h a t f i s h anti-BSA was a t l e a s t as 
spec i f i c as rabbi t anti-BSA and possibly more so, since f ish 
an t ibody did not c r o s s - r e a c t with sheep serum albumin 
whereas rabbi t did. Differences observed between the two 
kind of antibodies are as fol lows-: (1) goldfish ant ibodies 
had t h r e e equiva lence p o i n t s with homologous a n t i g e n , 
whereas rabbi t ant ibodies had only one; (2) f ish serum had a 
l a r g e r amount of low av id i ty antibody than did the rabbi t , 
and (3) f i s h a n t i b o d i e s e x h i b i t e d e l e c t r o p h o r e t i c a l l y 
re tarded mobility in cont ras t to those of the r abb i t . The 
observat ion concerning low avid i ty antibody in the leopard 
shark were in agreement with that reported by Suran et a l . , 
(1967) . Here both p h a g e - n e u t r a l i z i n g and hemocyanin 
p r e c i p i t a t i n g ant ibodies were l ess effective than those of 
r a b b i t . 
The s t u d i e s reviewed i n d i c a t e d t h a t f i s h o f fe r 
favourable material for the inves t iga t ion on the evolution 
of the specif ic competence of the antibody com]:)ining s i t e . 
The s tudies also ind ica te tha t much work i s needed to be 
done before gene ra l i t i e s emerge in th i s area, and that 
g rea t care i s necessary to d i s t inguish between va r i a t ions 
induced by methodological v i c i s s i t u d e and those t h a t 
represent rea l evolutionary d i f ferences . 
During the l a s t decade, y ie lds from aquaculture have 
doubled representing about 10 percent of world production of 
fishery products. A five to ten fold increase is projected 
by the year 2 000, given necessary technical, financial and 
organizational support. For fish farming to reach its 
fullest potential, it is essential to minimize mortality by 
developing techniques for the control and prevention of 
diseases. Traditional methods of control using chemical 
treatments are not always effective. Beside being 
expensive, they cause problems of pollution and drug 
resistance in the pathogen. Newer techniques of minimizing 
fish diseases are yet to be perfected. 
With the increasing interest in fish fanning, fish 
hatcheries and farms are becoming increasingly important in 
'food production and supplementing sport fisheries. However, 
in most facilities fish are kept at relatively high 
densities causing well known problems of stress and disease. 
In recent years, therefore considerable interest has been 
expanded in subjects dealing with fish disease, health and 
immunology, (Van Muiswinkel et al., 1985). 
Fish immunology has greatly expanded in technical 
scope and practical application and it now, represents a 
significant branch of science within its own right. Research 
results dealing with the immune systems of fish have 
considerable phylogenetic significance for veterinary and 
clinical iramunologists, scientists studying environmental 
and pollution problems, as well as aquaculturists and fish 
farmers. It is becoming increasingly clear that fish 
immune system functions with similarities analogous to 
mammalian counterparts with a few interesting exceptions due 
to optimal adaptation to aquatic environment. The cell 
interactions, molecular signals and the structure of 
immunoglobulin molecules and complement components have been 
conserved throughout vertebrate evolution. 
Among fish, the teleostei are the dominant fish fauna 
in fresh water and marine ecosystems and are of considerable 
economic importance. An understanding of teleostean immune 
system, as it pertains to their ability to resist infection, 
is of great interest to fisheries (Van Muiswinkel, 1982) . 
I. Cell Mediated Immunity 
In teleostei the immune responses are temperature 
dependent (Avtalion et al., 1976). Water temperature plays 
an important role in the antibody production as reported in 
grass carp Ctenopharynggodon idella by Jiang et al, (1991) . 
At 15 C, the titer of neutralizing antibody developed very 
slowly and was less than 1:8 when reared for nine weeks. In 
contrast, at 20°C the titer of antibody was 1:256 three 
weeks after infection, and reached the highest titer of 
1:5270 after six weeks. The fish reared at 25^C showed a 
level of antibody of 1:570 in one week and the highest titer 
was more than 1:20,000. Allograft rejection is also found 
in fish, with most work having been done using scales or 
skin grafts. Rijkers (1982) has reviewed graft rejection in 
fishes, noting that cellular reactions which occur at the 
graft site are not dissimilar to those in mammals with 
regard to revascularisation of the graft, overgrowth by host 
tissue with vasodilation at points of graft-host contact. 
tissue with vasodilation at points of graft-host contact, 
and invasion by lymphocytes and phagocytes. Hcsts exhibit 
donor-specific anamnaesia, with long-lived memory resulting 
from exposure to living tissue only; increased genetic 
distance e.g. xenografts and higher temperatures speed the 
rejection processes. 
The monitoring of allograft rejection time in 
teleostei point to the presence of a highly discriminating 
and effective cell-mediated immune system, and the probable 
presence of products of a major histocompatibility system 
(MHS). Teleostei have evolved the analogue or homologue of 
class I regions in their MHS. 
Fish are capable of exhibiting other cell mediated 
immune phenomena including stimulation and transformation of 
lymphocytes by T cell mitogens, delayed hypersensitivity 
reactions and mixed lymphocyte reactions (MLRs). Strong, 
reproducible MLRs are found in teleostei (Etlinger, 1975) as 
are lethal graft-versus-host reactions (GVH) (Wright and 
Cooper, 1982) : both these phenomena are associated with the 
presence of class II regions of the MHS (Klein, 1977) . 
Members of other fish taxa lack such strong reactions 
(Sigel et al., 1973; Cooper et al., 1974). 
II Antibody mediated immunity 
Fish groups so far investigated have been found to 
possess immunoglobulin (Ig) class similar to IgM, having 
four chains IgM unit or tetrameric structure. Teleostei have 
not diversified their Ig isotypes. Ambrosius et al., (1982) 
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have shown that the sig on C. carpio lymphocytes is either, 
7S IgM, or else a thymocyte membrane Ig which is highly 
cross-reactive with the C-region epitopes of the chain, 
lacks carbohydrate, and probably consists of two heavy 
chains with molecular weights of 65,000. 
Significant scientific information towards the 
evolution of novel Ig classes in several fish groups of an 
IgM-derived molecule with a deleted chain have been as if 
example Epinephelus itaira (Clem, 1971) . A similar Ig in 
Neoceratodus forsteri (Dipnoi) , with a sedimentation 
coefficient of 5.9S, has been termed as IgN (Marchalonis, 
1969) . 
Ill Other Immune and Related Phenomena 
Fish have a variety of lymphopoietic tissues (Fange, 
1982), the pronephros acting as the main stem cell generator 
in teleostei with the thymus and spleen playing roles as 
primary and secondary lymphoid organs. 
Ellis (1982) has reviewed the immediate hypersensivity 
in fishes, finding some similarities in mammals and fishes, 
but noted that fishes lack histamine-associated mast cells, 
possess low histamine levels, and lack an IgE. Delayed-
hypersensitivity is seen in the teleosts Ameirurus melas, 
Ictalurus melas, and Salwo gairdneri (Corbel, 1975). No IgA 
has been found in any poikilotherm. Though the antigenic 
stimulation in fish is reported to evoke immune response 
comparable with those in homeothermic vertebrates, (Van 
Muiswinkel, 1991), the humoral and cellular response in fish 
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showed the expected characteristics of specificity and 
memory. These data are not only interesting for evaluating 
the health status of fish under different environmental 
conditions but can also be used for improving large-scale 
aquaculture systems by performing vaccination and breeding 
for disease resistance. 
The ability of fish to form antibodies in response to a 
variety of antigens such as proteins, viruses and bacteria 
was extensively reviewed by Marchalonis (1977). The study 
of the elicited antibodies to various antigens has found 
that the predominant antibody form found in teleosts is a 
700,000 tetrameric immunoglobulin (Ig), the tetramer being 
composed of four monomers. Each monomer containing eqiaimolar 
amounts of heavy (H) and light (L) chains (2H :2L) . Based 
upon mass and carbohydrate content of teleosts. H chains, 
fish Ig is often considered to be IgM (Nisonoff et al., 
1975), although there is no primary structural evidence as 
yet to support this designation. The tetramer of fish is 
thought to be composed of a single class of H chains and a 
single class of L chains. The advent of hybridoma antibody 
technology and certain advances in the separation and 
analysis of proteins has allowed some of these general 
concepts to be re-examined. 
The present study aimed at characterizing the serum of 
a fresh water teleostean fish species, Channa punctatus with 
respect to the major serum proteins and their molecular 
weights. An attempt has been made to isolate and 
characterize IgM, the only immunoglobulin present in fish 
serum. Immunodiffusion has also been carried out to detect 
whether fish antibodies are precipitating or non-
precipitating depending on the formation of precipitin 
lines. 
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EXPERIMENTAL 
A. MATERIALS 
1. Chemicals 
Agarose , and Coomassie B r i l l i a n t Blue R 250 were 
purchased from Sigma Chemical Company, U.S.A. Acrylamide, 
b i s ac ry l amide , TEMED, and ammonium pe r su lpha t e were o b t a i n e d 
from Bio-Rad L a b o r a t o r i e s , U.S.A. DEAE S e p h a c e l and 
Sepharose CL-2B were from Pharmacia Fine Chemicals, Sweden. 
T r i s , G l y c e r o l , G l y c i n e , a c e t i c a c i d , c h l o r o f o r m and 
methanol were the p roduc t s of Qualigens Fine Chemicals , 
I n d i a . All o the r chemicals were of h ighes t grade a v a i l a b l e . 
2 . Equipment 
Elico pH meter model LI-12 0, Shimadzu spectrophotometer 
UV-240, GENEI Slab gel electrophoresis, Beckmann 
Ultracentrifuge were the major equipments used in this 
study. 
Dialysis sacs of different width i.e. 25 mm (Lot No. 
82H-0050) and 43 mm (Lot No. 92H0291), Millipore filters of 
pore size 45 am and standard protein markers were purchased 
from Sigma Chemical Company, U.S.A. Blue-Dextran 2000 were 
purchased from C.S.I.R. Centre for Biochemicals, New Delhi. 
Solid glass beads were obtained from Kimble Resistant Glass 
(U.S.A.). Sodium dodecyl sulphate was purchased from B.D.H. 
England. Glass distilled water was used throughout this 
study. 
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3. Procurement of Sera 
(a) Normal human sera were obtained from healthy subjects 
of the Department of Medicine, J.N. Medical College Aligarh 
Muslim University, Aligarh. Serum samples were 
decompliraented by heating at 56°C for 30 minute and stored 
in small aliquots at -20°C. 
(b) Normal fish sera were obtained from healthy freshwater 
teleostean fishes bought from the local fish market. The 
specimen were decomplemented and stored in the same way as 
above. 
B. METHODS 
1. Determination of Protein Concentration 
Protein was estimated by the method of Lowry et al. 
(1951) as described below. 
(a) Folin - Ciocalteau regent 
The reagent was purchased from C.S.I.R. Centre for 
Biochemicals, New Delhi and diluted 1:4 with distilled water 
before use. 
(b) Alkaline copper reagent 
It consists of two components 
(i) 2% sodium carbonate in 0.1 N sodium hydroxide, 
(ii) 1% CuSO^ in 2% sodium potassium tartarate. 
The working reagent was prepared fresh before use by 
mixing the two components (i) and (ii) in the ratio of 50:1 
respectively. 
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Procedure 
Freshly prepared 5 ml solution of alkaline copper 
reagent was mixed with 1 ml of protein sample. After mixing 
the contents thoroughly, the tubes were incubated at room 
temperature for ten minute. One ml of 1:4 times dilulted 
Folin-Ciocalteau reagent was added with immediate mixing. 
The tubes were left for 3 0 minute at room temperature. The 
absorbance was monitored at 660 nm. The protein content of 
unknown sample was determined from a standard plot 
constructed using bovine serum albumin (Fig. 1). 
Protein estimation by Bradford method 
This assay is based on colour change that occurs when 
Coomassie Brilliant Blue G-250 in acid solution, binds 
strongly to protein hydrophobically and at positively 
charged groups, protonation is suppressed and a blue colour 
is observed (max =595 nm) 
a) Dye preparation 
One hundred mg of Coomassie Brilliant Blue G-250 was 
dissolved thoroughly in 50 ml. of 95% ethanol. To this 
solution was added 100 ml of 85% (v/v) o-phosphoric acid. 
The resulting solution was diluted to a final volume of 1 
litre. On every use the dye solution was filtered. 
b) Protein assay 
Solution containing 10 to 100 ug protein in a volume of 
up to 0.1 ml was pipetted into test tubes. The volume was 
adjusted to l ml with distilled water. 5 ml of dye solution 
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CONCENTRATION OF BSA ( j jg /ml ) 
Fig.1 
Calibration curve for the estimation of protein by 
Lowry et al. (1951) using BSA as a standard. 
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or Bradford reagent was added and the contents were mixed by 
vortexing. The absorbance was taken at 595 nm after two 
minute and before one hour against a reagent blank (1 ml of 
distilled water and 5.0 ml of Bradford reagent). 
2. Gel Electrophoresis 
(a) Polyacrylamide slab gel electrophoresis 
Polyacrylamide slab gel electrophoresis was performed 
under native as well as denaturing conditions as described 
by Laemmli (1970). 
The following stock solutions were prepared: 
(i) Acrylamide-bisacrylamide (30:0.8) 
Thirty gram acrylamide and 0.8 gm bisacrylamide was 
dissolved in a total volume of 100 ml of distilled water. 
The solution was filtered and stored at 40°C in an amber 
colored bottle in order to prevent photopolymeri2:ation. 
(ii) Resolving gel buffer. 
Tris (36.3 g, 3 M) was dissolved in 48.0 ml of 1 N HCl, 
the pH adjusted to 8.8 and the final volume brought to 
100 ml. 
(iii) Stacking gel buffer 
Tris (6.05 g, 0.5 M) was dissolved in 40 ml distilled 
water, titrated to pH 6.8 with 1 N HCl and the final volume 
adjusted to 100 ml with distilled water, 
(iv) Electrode buffer 
0.02 M Tris and 0.192 M glycine, pH 8.3 containing 0.1% 
SDS (in case of SDS-PAGE). 
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(v) Sample buffer 
(a) Six gram Tris was dissolved in 80 ml distilled water 
and the pH was adjusted to 6.8 with o-phosphoric acid. The 
final volume was brought to 100 ml with distilled water. 
(b) To 12.5 ml of above solution was added 1 mg Bromophenol 
Blue and 12.5 ml glycerol, 5% E -mercaptoethanol was added 
just before use. One part of (b) and 4 part of sample were 
mixed and boiled for five minutes just before 
electrophoresis. The reagents were mixed in the order shown, 
7.5% resolving gel was allowed to polymerize at room 
temperature for 30 minute. The samples were electrophoresed 
for 8-10 hours at room temperature at 80 Volts or for 3-4 
hours at room temperature at 2 0 mA, using a mini slab gel 
electrophoresis apparatus. The gel was stained by 0.2% 
Coomassie Brilliant Blue R-250. 
Reagents for 7.5% Resolving Gel 
(Total volume 30 ml) 
Acrylamide - bisacrylamide 7.5 ml 
Resolving gel buffer 3.75 ml 
10% SDS 0.3 ml 
1.5% Ammonium persulphate 1.5 ml 
Distilled water 16.95 ml 
TEMED 15/^1 
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Regents for 2.5% stacking gel 
(Total volume 10 ml) 
Acrylamide - bisacrylamide : 1.25 ml 
Stacking gel buffer : 2.5 ml 
10% SDS : lOO^ai 
1.5% Ammonium per sulphate : 500 V/l 
Distilled water : 5.65 ml 
TEMED : 7 .5 /J-1 
Reagents for PAGE (5-2 0%) gradient gel 
(Total volume 12 ml) 
Acrylamide - bisacrylamide 
Resolving gel buffer 
10% SDS 
Distilled water 
1.5% Ammonium persulphate 
TEMED 
3. Determination of molecular weight of serxun proteins by 
SDS-PAGE 
Molecular weight of serum proteins of normal fish serum 
and normal human serum was determined by calculating the 
relative mobilities (Rm) of the marker proteins. The 
relative mobility was calculated by dividing the distance 
travelled by the protein bands of different marker proteins 
with that of the distance'travelled by the dye. 
5% 
2 ml 
1.5 ml 
120yai 
8.38 ml 
9 mg 
6^1 
20% 
8 ml 
1.5 ml 
120/Ul 
2.38 ml 
9 mg 
6^1 
1 7 
Distance travelled by the protein band 
Rm = 
Distance travelled by the dye 
A straight line was drawn according to the method of 
least squares (Fig. 5) . 
4. Dens i tome trie scanning of serirm proteins 
Native as well as SDS electrophoresed polyacrylatnide 
gels exhibiting protien bands were cut down into separate 
strips from top to the dye front or according to the size of 
the trough. These strips of gel were subjected one by one to 
densitometric scanning on a UV-240 Shimadzu 
spectrophotometer equipped with densitometer. The scanning 
of the stained gels was accomplished at 550 nm. 
Densitometric scanning of native as well as SDS-PAGE has 
been shown in Fig. 6 and 7. 
5. Isolation of human IgG 
(a) Preparation of crude immunoglobulins 
To 6 ml of fresh normal human sera was added dropwise 
40% saturated ammonium sulphate solution allowing each drop 
to disperse before the next was added. When the 
concentration of ammonium sulphate reached about 2 0% of 
saturation, the serum began to turn milky. Most 
immunoglobulins got precipitated by 35-40 percent of 
saturation. The precipitation was carried out at 4°C. The 
suspension was stirred for 30 minute and then centrifuged 
at 10,000 rpm. for 15 minute. The pellet thus obtained was 
washed 2-3 times in 40 percent saturated ammonium sulphte. 
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Repeated washing of the pellet considerably reduced 
contamination of non-iinmunoglobulins and did not lower the 
yield significantly. 
Finally, the precipitate was dissolved in 0.01 M sodium 
phosphate buffer, pH 8.0, ammonium sulphate was removed by 
overnight dialysis against 500-1000 volumes of 0.01 M sodium 
phosphate buffer, pH 8.0. The dialysis fluid was changed 
several times at intervals of few hours. 
(b) Ion-exchange chromatography 
Pre-swollen DEAE-Sephacel, suspension in 20% ethanol 
was resuspended in water to remove fine particles by 
repeated decantation. A short and broad glass column (1.5 cm 
X 17.5 cm) was thoroughly washed with detergent, chromic and 
finally with distilled water. The column was then mounted 
vertically downwards and in a vibration free manner till it 
became dry. When dried, column was mounted vertically upward 
and its narrow bore outlet was connected by a small latex 
tubing attached with a screw stop-cock for regulation of 
flow rate. Before packing, a small piece of glass wool was 
boiled in distilled water and then a shape given to it 
according to the column diameter. It was placed at the 
bottom of the column and its surface covered with glass 
beads. The gel slurry was poured into the column with the 
help of a glass rod to avoiod bubble formation. The gel was 
left to settle under gravity overnight at room temperature. 
The gel bed was stabilized and equilibrated by passing 2-3 
bed volumes of equilibrating buffer. The column was then 
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closed and left overnight. During sample appliction the 
column bed was drained off the buffer and the sample (1 ml 
of dcomplimented and diatyzed fish serum) was then applied. 
The sample was eluted with O.Ol M sodium phosphate buffer or 
gradiant buffer of different ionic strengths (0.01 M - 0.3 M 
Na-Pi buffer) . Fractions of 3 ml were collected until the 
absorbance at 2 80 nm reached the base line. The chromatogram 
was found to show a single peak of IgG. The homogeneity of 
isolated IgG was evaluated by SDS-PAGE (Fig. 8). 
Isolation of fish IgG was also performed in the same 
way as above. 
6. Isolation of fish IgH 
Fish IgM was isolated by ion exchange chromatography 
(as described above) and the peak fractions were pooled and 
passed on a gel-filtration column. 
Gel-filtration Chromatography 
Gel-filtration was performed on a Sepharose CL- 2B 
column having diameter of 2 cm and length of the packed 
matrix was 20.5 cm. Its exclusion limit is 7xlO'^ -4xlo'^ . It 
was equilibrated by passing 0.01 M sodium phosphate buffer, 
pH 8.0 twice its bed volume. Then Blue Dextran 2000 was 
passed through the column to calculate its void volume. Peak 
fractions obtained after ion-exchange chromatography on DEAE 
Sephacel were loaded on the Sepharose CL-2B column, 
previously equilibrated with 0.01 M sodium phosphate buffer, 
pH 8.0, and the same buffer present in a reservoir was 
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connected to the column for performing elution at the flow 
rate of 10 ml/hour. Fractions of 3 ml were collected and 
their absorbance was read at 2 80 nm. Fig. 9 shows the 
elution profile. 
7. Determination of neutral hexose content in fish sertxm 
The neutral hexose content of normal fish serum was 
determined by the method of Dubois et al. (1956). To 1 ml of 
protein solution was added 1.0 ml of 5% phenol (distilled) 
and mixed thoroughly. 5 ml of concentrated sulphuric acid 
was added on the surface of the solution, to produce 
desired mixing. The red orange colour developed was read at 
490 nm against the reagent blank. The hexose content of 
protein was determined by computing the absorbance with that 
of standard curve, drawn with glucose (Fig. 2) or by least 
square analysis using the standard curve of glucose, (Fig. 
10) . 
8. Immunodi f fus ion 
The precipitation reaction was carried out by 
Ouchterlony double diffusion using glass petri dishes as 
described by Seligmann (1957) and Tan et al. (1966). 6 ml of 
0.6% molten agarose in PBS (pH 7.4) containing 0.1% sodium 
azide was poured onto glass petri dishes and allowed to 
solidify at room temperature. Wells, each 5 mm in diameter 
and separated by 8 mm distance were cut into hardened 
agarose gel. Appropriate concentration antibody and antigen 
was placed in the wells and petridishes were allowed to 
stand in moist chamber at room temperatrure for 48 - 72 
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8 12 
Glucose(jjl) 
Fig. 2 
16 20 
standard plot for the estimation of glucose by the 
method of Dubois et al. (1956). 
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hours. The gels were washed with 5% sodium citrate for 2 
hours, to remove non-specific precipitin lines. The result 
was analyzed visually. 
Preparation of acetone powder extract of rabbit kidney 
In a 50 ml conical flask, 400 mg of reibbit kidney 
acetone powder, along with 5 ml PBS, was placed in a petri 
dish having ice. This petri dish was placed on a magnetic 
stirrer having a piece of foam in between. The contents were 
stirred slowly for 2-3 hours, poured in a conical centrifuge 
tube and left overnight at 4°C. Next day, it was centirfuged 
at 4°C with a speed of 10,000 rpm. The supernatant was 
stored at 4°C as an acetone powder extract of rabbit kidney. 
Seven holes were punched in the solidified agrose 
equi-distant with each other, one in centre and 6 around it. 
Central hole having 50 U,l of acetone powder extract and 
other holes having 50/^1 each of neat sera and its different 
dilutions(l:2, 1:4, 1:8, 1:16 and 1:32). 
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RESULTS 
I. Content,PAGE profile and molecular weight of protein 
The serum protein values of the normal fish and human 
were found to be 3.9 mg and 0.8 mg of protein/ml, 
respectively. 
2.5 yul of each normal fish and human sera were 
subjected to PAGE along with 10 ftil of BSA. The profile of 
bands obtained in native PAGE and SDS-PAGE has been shown in 
Fig 3 and 4, respectively. 
Molecular weight of serum proteins of normal fish and 
human, determined by SDS-PAGE in Tris-Glycine buffer (pH 
8.3) using 7.5% polyacrylamide gel, have been given, along 
with the marker proteins and their relative mobility in 
Table I. A straight line was drawn between log M and 
relative mobility values according to the method of least 
square analysis (Fig. 5) which fits the equation 
Log M = - 1.045 Rm + 5.41 (1) 
where, M is the molecular weight of the protein whose 
relative mobility is Rm. 
As can be seen from Table II, different proteins, in 
fish serum exhibits molecular weights ranging from 44 Kda to 
200 Kda. In human serum, on the other hand, the molecular 
weights having ranged between 26 kda to 178 kda (Table III). 
II Densitometrie scanning of Proteins 
As apparent from the native scanned profile(Fig.6), 
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i 2 4 3 
"^W. 
P i g . 3 
N a t i v e p o l y a c r y l a m i d e g e l e l e c t r o p h o r e s i s (PAGE) of 
Normal human serum ( 1 ) / normal f i s h serum ( 2 ) / and 
BSA ( 3 ) . 
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Pig. 4 
SDS-PAGE of marker protein (1)/ normal fish serum 
(2)/ normal human serum (3). 
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TABLE I 
Molecular weight and relative mobility of marker proteins 
used in SDS-PAGE 
Protiens Molecular LogM Relative mobility 
weight (M) (Rm) 
(daltons) 
1. Carbonic 29,000 4.462 0.909 
anhydrase 
(from bovine 
erythrocytes) 
2. Albumin, 45,000 4.653 0.742 
egg (ovalbumin) 
3. Albumin, 66,000 4.819 0.606 
Bovine (BSA) 
4. Phosphorylase 97,400 4.988 0.409 
b (from rabbit 
muscle) 
5. B-Galactosidase 116,000 5.064 0.333 
(from E. coli) 
6. Myosin 205,000 5.311 0.050 
(from Rabbit 
muscle) 
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TABLE II 
Estimated molecular weight of normal fish serum proteins 
obtained by plotting Rm values against log M of the marker 
portein (Fig. 5) 
Ralative mobility of Log M Molecular weight 
different protein bands (daltons) 
(Rm) 
0.727 4.64 44,000 
0.621 4.75 56,000 
0.500 4.88 76,000 
0.196 5.2 158,000 
0.090 5.3 200,000 
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TABLE III 
Estimated molecular weight of normal human serum proteins 
obtained after plotting Rm values gainst log M of the marker 
protein (Fig. 5) 
Ralative mobility of Log M Molecular weight 
different protein bands (daltons) 
(Rm) 
0.939 4.42 26,000 
0.893 4.47 30,000 
0.787 4.59 39,000 
0.621 4.77 59,000 
0.303 5.08 120,000 
0.227 5.17 148,000 
0.151 5.25 178,000 
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three major peaks were observed for fish serum. Peaks 1 and 
2 correspond to 205 Kda and 90 Kda, respectively. The broad 
peak 3 appearing in the prof ile, obtained due to the broad 
protein band in the gel, indicates the presence of various 
proteins between molecular weights of 40-70 kda. On the 
contrary, as can be seen from Fig 6, the major 
immunodominant band, appearing between 40-70 Kda in fish 
serum was found to be lacking in normal human seirum. A clear 
difference in the expression of various proteins of 
different molecular weights was evident in fish and human 
from the densitometric results depicted in Fig 6 and 7. 
Ill Isolation of Hxman IgG and fish IgG: 
A single protein peak obtained after plotting the 
absorbance of the respective fraction was found to contain 
IgG. The homogeneity of isolated IgG, evaluated by SDS-PAGE, 
showed a single band of IgG (Fig 8). 
Isolation of fish IgG, performed in the same way as for 
human IgG, indicated no IgG, as its polyacrylamide gel 
electrophoresis did not show any protein band. 
IV. Isolation of fish IgH: 
Fish IgM produced two peaks (Fig.9). IgM appeared in 
the first protein peak. SDS-PAGE of the peak fraction 
performed after treating it with B-mercaptoethanol showed 
three bands presumably representing heavy chain, light chain 
and J-chain of IgM. 
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Fraction number 
F i g . 8 
Elut ion p r o f i l e of IgG from normal human serum passed 
through DEAE-Sephacel column. 
I n s e t : S ing le band showing the homogeneity of IgG. 
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V. Glycoprotein Nature of Pish ser\jm: 
Fish serum gave a positive reaction with phenol-
sulphuric acid reagent, specific for glycoperotiens. Using 
glucose as the standard, fish serum was found to contain 
1.03 mg of glucose per ml of fish serum (103 mg of glucose 
per 100 ml of fish serum) or 9.12 percent of neutral hexose, 
calculated with the least square method (Fig. 10). 
VI. Immunodiffusion: 
No precipitation lines were observed in the due 
duration, suggesting that fish antibodies are non-
precipitating in nature. 
36 
Determination *of neutral hexose content in fish 
serum by the least square method (given by Dubois 
et al. (1956). 
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DISCUSSION 
Due to the importance of blood in disease diagnosis, 
haematological and serological investigations are now being 
widely employed for diagnostic purposes. These 
investigations, based on biological, chemical and physical 
methods of detection, are used for determining the most 
varied constituents (protein content, protein derivatives, 
mineral bodies, carbohydrates, serum pigments, enzymes, 
hormones, immune bodies, etc.) in serum. 
The circulating constituents in normal human serum and 
in several ailments are well understood and chemically 
defined. In case of fish, however, only some preliminary 
serological studies have been made in the past. 
Nevertheless, the possibilities of using serodiagnostic 
methods for the diagnosis of diaseses and injuries in fish 
stocks hold great promise (Schaperclaus, 1965) . Practically 
useful results to evaluate condition and the diagnosis of 
ailments in fish have so far been obtained from the 
determination of proteins (Flemming, 1958, Reidimuller, 
1965; Kullow, 1967 et al. blood sugar (Amlacher, 1957; 
Haider, 1970; Yokote, 1974; Soivio and Oikari, 1976), 
lactate (Oikari, 1976, et al.), ammonium ion (Schreckenbach 
et al. , 1975; Shieh and McLean, 1976, et al), urea, 
triglycerides, cholesterol, adenosine triphosphate, creatine 
(Shieh and McLean 1976) and the enzymes like transaminase, 
lactate dehydrogenase and aldolase (Litzbarzki, 1974) in 
serum. 
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Electrophoretic analysis of serum protein has been 
extensively utilized in monitoring the physio-pathological 
condition in living organisms (Anees, 1974) and recovering 
physiologically active substances (Strickland, 1970) . A 
number of workers have observed that electrophoretic pattern 
of serum proteins of fish are sensitive to various intrinsic 
and extrinsic factors. Booke, (1964) has critically 
reviewed the earlier literature on alterations in fish serum 
proteins in relation to age, sex, seasonal variations, 
starvation and variation due to fungal and viral diseases, 
etc. Factors such as oxygen depletion (Bouck and Ball, 
1965), physical stress (Thurston, 1967; Yamashita, 1968) and 
temperature (Umminger, 1970) have also been shown to affect 
serum protein pattern in fish. 
In the present study, attempts were made to obtain a 
comparative data on the content and type of character of 
protein(s) found in normal fish and human serum. 
Preliminary investigations so far carried out revealed 
interesting and somewhat surprising results. Assay results 
for protein concentration evaluation indicated a 3-3.5 times 
higher magnitude of protein content in the serum of fish 
compared to normal human serum. Moreover, the above results 
are suggestive that due to aquatic life fish, probably 
undergo the process of protein expression in higher amounts 
in comparison to mammals, whose functions range from 
temperature regulation in an unsteady terrestrial 
environment to immune response regulation. 
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Further comparative insight was accomplished by 
employing native as well as SDS-PAGE of normal fish serum 
and normal human serum. As evident from the electrophoretic 
data depicted in Fig. 2 and 4, a clear difference in the 
expression of proteins ranging between 40 Kda to 70 Kda was 
observed for normal fish serum when compared to normal human 
serum. The results are thus indicative of a higher 
magnitude of expression of protein(s) between 40-70 Kda in 
teleostean fish when compared to humans. Moreover, 
comparative densitometric scanning results of the above 
electrophoresed native as well as SDS gels substantiate the 
above argument (Fig. 4 and 5) . A relatively high amount of 
protein is required by the fish at the time of breeding and 
spawning, at the time of travelling long - distances and 
under various physiological and environmental conditions. 
Changes in biochemical characteristic of the serum 
protein can indicate abnormalities that occur in fish. 
Electrophoretic pattern of serum protein of teleosts are 
reported to be specific to many factors including species of 
fish (Sulya et al., 1961; Booke, 1964; Hattingh, 1974; 
Avtalion et al., 1976; Jondeung and NaNakorn, 1986), sex and 
sexual maturation; environmental stress (Thurston, 1967; 
Avtalion et al., 1975, 1976) and temperature (Meisner and 
Hickman, 1962) . Specific electrophoretic bands have been 
used as sex markers, the electrophoretic patterns in fish 
serum proteins such as albumin, transferrin and haptoglobins 
may vary due to polymorphism (Jimenez and Planas, 1973; 
Balsans and Rasch, 1974,''- Avtalion et al., 1976). Studying 
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the composition of fish serum proteins by electrophoresis 
has proved useful for diagnostic work (Mulcahy, 1969) and in 
investigating the fish immune system (Fine et al., 1963). 
As compared to human, the teliost, C. punctatus, has 
shown high molecular weight serum protein in the range of 
44 kda to 200 kda, mainly because the major protein found 
in fish is IgM, a high molecular weight protein. In a 
similar study on other snakeheads, like C. striatus, Chou et 
al., (1994), have, however, reported the molecular weight of 
serum proteins between 10 Kda to 143 Kda. This difference in 
molecular weights of serum proteins may be due to seasonal 
variation, and physiological and biochemical condition of 
the fish, etc. 
It is a well known fact that there are five classes of 
immunoglobulins found in humans, namely IgG, IgM, IgD, IgA 
and IgE. In fish, only one immunoglobulin i.e., IgM is 
reported (Nisonoff et al., 1975). In C. punctatus as well, 
only IgM was found in the serum. 
Srivastava and Sahai (1987) reported the mean blood 
glucose level of 31.04±1.01 mg/lOOml of blood in the 
catfish, Heteropuenstes fossilis under control condition. 
While in the present study, serum glucose level of C. 
punctatus was found to be 1.03 mg of glucose per ml of fish 
serum (103 mg of glucose per 100 ml of serum). 
Immunodiffusion performed on C. punctatus indicated the 
non-precipitating nature of the antibodies. However, this 
method of detecting antibody production in fish is 
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considered unreliable and many workers have found that fish, 
in general do not produce good precipitating antibodies, a 
positive reaction appearing to be dependent upon the species 
of fish and the antigen used (Ellis, 1982) . IgM, the only 
immunoglobulin class produced by fish is much better at 
agglutination and complement activation than precipitation 
(Alexander, 1980). 
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mezemes. 
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